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An up-to-date profile of the CKM matrix is presented, with emphasis on the interpretation of recent
CP -violation results from the B factories. The apex of the Unitarity Triangle is determined by a
global CKM fit. A study is performed to probe the dynamics of B decays into pipi, Kpi, ρpi and ρρ
within two theoretical frameworks. A model-independent investigation of New Physics effects in B0B0
mixing is given.
1 Introduction
The evolution of the knowledge
of the Cabibbo-Kobayashi-Maskawa (CKM)
matrix1,2 profile has been very important in
the last few years, most notably thanks to
the performances of the B factories KEK-B
and PEP-II and their two detectors Belle and
BABAR respectively. The development of
the numerical analyser package CKMfitter3
is dedicated to the comprehensive study of
the CKM-matrix constraints4.
The CKMfitter package features (among
others) the frequentist approach Rfit. The
theoretical errors are interpreted as allowed
ranges and no other a priori information is
assumed when there is none available. The
global CKM analysis pursues three different
goals. The first one is to probe the SM by
quantifying the agreement between the data
and the theory. The second goal is, within the
SM, to perform a careful metrology of the pa-
rameters. Finally, a search for specific signs
of New Physics (NP) is performed within ex-
tended theoretical frameworks.
2 The global CKM fit
The present status of the constraints on the
Unitarity Triangle (UT) is represented Fig. 1.
This corresponds to the overall constrained
CKM fit, denoted standard CKM fit in the
following. The inputs4, given in Table 1, can
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Figure 1. Confidence levels in the (ρ¯, η¯) plane for the
present standard CKM fit. The shaded areas indicate
the regions of ≥ 5% CLs. For sin2β the ≥ 32% and
≥ 5% CL constraints are shown.
all be considered quantitatively under con-
trol.
The fit is dominated by the precision
measurement of sin2β from the B facto-
ries. The recent measurements of α from the
time-dependent CP -violating asymmetries in
B → ππ, ρρ and ρπ decays (Section 3.1)
are included for the first time. Two addi-
tional constraints are shown Fig. 1, one for γ
from B+ → D0(K0
S
π+π−) K+5 and one for
sin(2β+γ) fromB0 →D⋆±π∓6, but they are,
so far, insufficient to improve the knowledge
of the apex of the UT. However, they play,
with α, a more significant role in constraining
1
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Observables Value ± error(s)
|Vus| 0.2228± 0.0039± 0.0018
|Vud| 0.9735
+0.0005
−0.0001
+0.0004
−0.0003
|Vub| (3.90± 0.08± 0.68)× 10
−3
|Vcb| incl. (42.0± 0.6± 0.8)× 10
−3
|Vcb| excl. (40.2
+2.1
−1.8)× 10
−3
| ǫK | (2.282± 0.017)× 10
−3
∆md (0.502± 0.006) ps
−1
∆ms Amplitude spectrum
sin2β 0.726± 0.037
α (103+9−10)
◦
Table 1. Inputs to the standard CKM fit.
Quantity Value ± error(s)
ρ 0.22+0.06−0.13
η 0.334+0.030−0.029
sin2β 0.67+0.18−0.08
α (98± 16)◦
γ (57± 9)◦
Table 2. Results from the standard CKM fit for ρ and
η. The three other results are obtained the variable
being excluded from the fit.
NP (Section 4). The results obtained from
the standard CKM fit are given Table 2.
Figure 2 illustrates the constraints from
sin2β and α on the (ρ¯, η¯) plane as measured
by the B factories. Superimposed is the stan-
dard CKM fit without these two constraints.
3 Charmless B decays
Different weak phases must be considered
in the charmless B decay analyses, in con-
trast with most of the charmed ones, where
the amplitudes contain only one weak phase.
This makes the extraction of the experimen-
tal observables more difficult and the use of
theoretical assumptions becomes necessary.
In the following, two theoretical frameworks,
the model-independent isospin analysis7 and
QCD Factorisation8 (QCD FA) are consid-
ered.
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Figure 2. Confidence levels in the (ρ¯, η¯) plane for the
constraints from sin2β and α. The standard CKM
fit, excluding both of them is superimposed in order
to show the impact of the B factories.
3.1 Constraints on α
Three different decays lead at present to the
measurement of α. The B → ππ decays, us-
ing a triangular isospin relation involving the
first measurement of the CP -violating asym-
metry C00
9 from B0 → π0π0, start to help
identifying the mirror solutions of α. The
large contribution of penguin diagrams does
not allow yet a precise constraint of this an-
gle. The B → ρρ decays10, similar to the
B → ππ ones, but containing much smaller
penguins, give a more precise measurement
of α. The B → ρπ decays11, using a Dalitz
analysis (the isospin relation is pentagonal
and therefore imprecise) provide a two-fold
ambiguity concerning the value of α. The re-
sults of these three channels being consistent,
they are combined to yield:
α = (103+9−10)
◦ . (1)
The confidence level on α for the three decays
separately and combined are shown Fig. 3.
3.2 Standard Model test
Charmless B decays also provide new ways of
testing the SM. Using the B0 → π0π0 decay
and, in order to avoid to deal with the mirror
2
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Figure 3. Confidence level for α obtained from the
three charmless B decays B → pipi, ρρ and ρpi. The
combined fit (shaded) and the standard CKM fit (dot
with error bar) are also shown.
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Figure 4. Confidence level in the (B00, C00) plane at
an integrated luminosity of 1 ab−1. The curve su-
perimposed represents the function C00(B00).
solutions for the angle α (Fig. 3), it is appro-
priate to consider the (B00, C00) plane
12. It is
represented in Fig. 4 considering the present
world average central values, but for errors
extrapolated to a luminosity of 1 ab−1. The
figure stresses the fact that there is still a
long way to go to exclude the SM, since only
a small fraction of the plane can be excluded.
3.3 Adding QCD factorisation
Combining the experimental results on B →
ππ and B → Kπ decays with the QCD FA
theoretical framework within a global fit, pre-
dictions can be made for each observable, ig-
noring the measurement available for it in the
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Figure 5. Comparison of the results from the global
QCD FA fit to B → pipi, Kpi data to the uncon-
strained QCD FA predictions and to experimental
results. The CP -violating asymmetries are displayed
on the left and the branching ratios on the right.
fit. The results are then unbiased by this
treatment. The standard CKM fit is included
as well. The predictions for the branching ra-
tios and the CP asymmetries are displayed in
Fig. 5 together with the experimental results.
The predictions of the full QCD FA fit are in
agreement with the measurements, modulo fi-
nal state radiative corrections13, which, when
accounted for in the experimental analyses,
may affect significantly some of the channels,
and with the exception of the branching frac-
tions for K+π− and K0π0 14.
4 New Physics in B0B0 mixing
So far, the SM is able to accomodate the data
within the present experimental uncertainties
so that it does not seem relevant to introduce
contributions from physics beyond the SM.
However, NP contributions are not necessar-
3
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Figure 6. Constraints in the (ρ¯, η¯) plane from the fit
in the framework of NP in B0B0 mixing.
ily absent and it is worth investigating by how
much specific NP parameters are constrained.
The NP analysis performed here proceeds as
follows: the observables expected to be dom-
inated by the SM contributions are used to
construct a model-dependent UT followed by
a constrained fit on NP contributions in B0B0
mixing.
To have a parameterisation which is as
model independent as possible, two parame-
ters, r2d and 2θd, defined by
15:
r2d e
i2θd =
〈B0|Hfulleff |B
0〉
〈B0|HSM
eff
|B0〉
, (2)
are introduced. Both CKM (ρ¯, η¯) and NP
(r2d, 2θd) planes can be constrained, as shown
Figs. 6 and 7 respectively. In the (ρ¯, η¯) plane,
the solution with the largest confidence level
is consistent with the SM. In the (r2d, 2θd)
plane, the SM values for these parameters are
favored (r2d = 1 and 2θd = 0).
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